(THRU)
(CODE)

(PAGES)

P37

/} i,
(NAZSA CR OR THMX O

Nat10na1 Aeronautlcs & Space Administration
Washington 25, D, C

ATTN: Messrs Alfred Gessow, Mark Heidmann
Dr. Robert Levine and Dr. Richard Priem

SUBJECT: NASA Contract NASr-217, Quarterly Status Report for the period e

-1 June 1966 through 31 August 1966.

- The initial tests are now in progress utilizing the acoustic liner
| ch4mber section. —Fréssure chackout following Nicro brazing of the 53* indiv-
idual adjuatable volumo resonating chambers indicated zero leakage. The

(CATEGOEY) T

: ation.  Msasuremsnts within the cavities will also
; aeakpze:oﬁeahlish,thc type of flow present in the orifices, i.e., jet-type,
choked, etc., and the temperature enviromment.

The injector initially being used in these tests, a 16-spud like-on
like slement design, has a well-established instability behavior over a range of
ulse gun disturbances (50 to 300 psi pk-pk initial amplitudes). Based on this,
omparisons will be made as to the effectiveness of the resonating chambers to
amp disturbances over this range of initial disturbances.

Puture tests with unlike type impinging spud designs, which in:prev-
ious Princeton tests have been spontaneously unstable, are planned to further
explore the damping capabilities of the acoustic liner. 1In both the present
and future tests location of active resonators and the resultant effect on
damping will be investigated.

The first step in the attempt to find a theoretical descxiption of
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0D WHOJ ALITIDVA \the performance of an acoustical linmer in a rocket combustion chamber was to

4
% The final fabricated design required that seven resonating chambers be

eliminated (nominal 60) because of leak problems with the copper weld and
transducer, TEAL jet and pressure tap locations.



d —in-the presence.of. ams@ggleupressure_anlllatlnn,
“The 1osse3'occurring in an acoustic cavity when an external pressure OBCIL
lation is imposed upon it have been found to be very nonlinear due to their
‘heavy dependerce on-the kinetic energy of the jet. The differential equa-

tions describing the response of the cavity are therefore not treatable anal-
ytically when the amplitude is large. Therefore, it has been the object to
numerically integrate a set of differential equations which describe the non-
linear situation. Numerical treatment of the equatioms in a meaningful fashtom —
is made possible only by the use of a high speed computer.

,,rSince there is an infinite variety of possible combinations of the

‘ £ : - 13 hoped that a meaningful comparison of
these=Tesuits can be made with-The linearized theory as presented in the Sixth
Yearly Progress-Report.

, una;‘Dilplacement Studies

o Thl following is the summary of a report in preparation involving
experimtntal research related to nonlinear displacement. The work was per-
formed- by-J.-A;- Newman. -

"An experiment has been performed to investigate the breakup of a
vaporizing 1iquid jet. 1Its behavior has been studied under a variety of steady
and oscillatory preoourec.

tuid whose vaporization rate is substantial, a decrease in
_the subsequent increase in vaporization, 1eado to a
slight,d&croalc 1n jlt length. This effect becomes more pronounced the larger
the jet diameter. In the turbulent region the effect of pressure depends on

the fluid under observation, the jet velocity and jet diameter. For a very
slowly evaporating fluid, chamber pressure always accelerates jet breakup.

This can be attributed to the increased effect of air friction. The length of

a vaporizing Freon jet, however, sometimes decreases with chamber pressure and
under other circumstances increases. Generally the evaporation process becomes
more important than air friction in controlling jet length when the jet diameter
is large and jet velocity is high.

When the gas in the chamber is subjected to acoustic osci/{étions,
jet breakup i8 generally enhanced regardless of whether the fluid is rapidly
evaporating or not. The effect, though, is only measurable in the laminar
regime. At low steady-state chamber pressures, oscillatory pressure (standing
mode pressure antinode) and oscillatory velocity are both about as effective
in promoting the breakup of a non-evaporating fluid. At higher steady pressure



vaporlzlng fluld is essentlally the same as a non-vapor121ng fluld except
that velocity ogscillations become as effective as pressure oscillations at_— -

high chamber pressure. As chamber pressure is lowered and vaporization rates
increase, velocity oscillations become more effective than pressure oscillations.

Under none of the circumstances encountered in the experiment, did

the spinning mode enhance jet breakup to a greater extent than the standing”mnde.“”'

Photographic studies using a window port to observe the velocity con-
-innch diameter rocket thrust chamber have shown;the following:

IV. MNonlinear Transverse and Longitudinal Studies

&g an arbitrary inpsat parﬁii;iz ‘It will be
“‘nénlinttx periodic solntion‘uhinh developl after

ll'beifinite)

maiﬁh for~ only ‘one value of the interaction
: (Aa anlytical solution is also possible when n = n,,
a1 cau of zero amplitude at the stability limit. ) It is

on the Tinaar utlbility limit but also to find the approximate de-
1 ,[ ., tha shock amplitude, on this displacement. As given in the
yearly réport the amplitude is represented by € = MH(n - n,), where H(n - no)
is the function to be determined through numerical investigationm.

Ddfing the period covered by this report one numerical method for in-
tegrating the pertinent equations was conceived, underwent a gestation period

of "debugging" and alteration and finally bore some Interesting and satisfying
results.

First of all, the numerical results verify the predictions of the



wave form-inferred from a-topological analysie for the particular case n =

€5 betug the TeEio of Specitic hedts) as Eiven In the yeariy FeporE-—— TResE LT

predictions were that the solutlon would have zero slope lmmedlately before and
Thls was prec1se1y what the numerical results showed. In fact an 1nfin1te slope
at a time one half period after the shock was found to be present for all
values of n investigated.

''''' Secondly, the numerical results show that a strong tendency exists
for the wave form to become sinusoidal in shape as the stability limit is ap-
proached. This is of course very encouraging as it indicates a convergence be-
tweenﬁthe present nealxaear analyels using él of the order of the Mach number

xlmate form of the. functlan H{n - no) can be de-

-~ In summation, the numerical results indicate that for the case of

.instability where a time lag equal to one-half of the period is pre-

y resonant case) the wave form of the solution tends toward the linear
Lip0 at the linear stability limit and toward a more sawtooth form far

fron tha stability limit and that the amplitude parameter, € , can be

,reprlilntgd_yith ggod accuracy as. € = Mx2.93(n-n ) where M is the

analytically treat the problem did not lead to
“Fruftful approach to the problem could be devel-

,‘;—th‘ lta:t transient studies have been inactive since last March.
7al will be considered with the arrival of new graduate students this

VI.:?Hiﬁper Mach Numbers

The reactivation of this project will also be considered with the
arrival of new students this month,

VII. Droplet Wake Studies

The linear analysis of droplet evaporation under oscillatory field
conditions is still under way. Three simultaneous first-order linear differ-
ential equations have been derived on the basis of small perturbations. The
problem arises from the couplings of three unknowns; perturbations of droplet

- coniducting the research transferred to another project.



”veiecisxzzfggyaraturemand_masa, and also frnm”thewslngnlar_hehanlnrmQi_:hﬁ O

“equations at the point where AV (the difference of mean gas and dropiet =
velocities) goes to zero. A numerical method has been studied by simply
emitting the singular terms in the neighborhood of the -singular point. The
reason is based on the physical argument that the singularity could not exist
and the relation

— M= 2.0+ 0.6 ¢ ret?

is questionable'in the vicinity of Re = 0 for the unsteady case. So far,
no s;;ggggevidenceAsupports such an argument,

look at the singular point, series_expan-
¢ carried out in the region where Av= 0 .

--are perturbation quantities of droplet velocity, temperature
: eeee s Cos.... are functions of local conditions
and. 4 'cousid.t.d as cons%anta. We #&e that all the perturbations approach

: el ;'aapand upon local conditions at the singular point. There-

ulation Studies

: “Bxperimental data relating chamber pressure to droplet population wave
frequency were presented in the annual report. Correlation between water and
water-alcohol mixtures in cold flow and hot firings of LOX/ALC in 9-inch diameter
chambers was also shown. Following this work an effort was made to lessen the
data reduction difficulties via use of photocells with frequency analysis per-
formed with the aid of IBM 1620 equipment. Based upon the test analyzed such
approaches may eventually offer the sought-after improvements, however, the
present method involving streak camera photography and subsequent hand analysis
remains the most reliable. In the past weeks a number of new records have
been obtained of tests utilizing surface tension reducing additives. Results
are expected in the next few weeks.



IX. Ea 1y Combustlon Behavxor

As dlscussed in the yearly status report work on the chemical
kinetic apparatus awaits a new undergraduate this fall, A brlef,report by
the previous undergraduate student points out the necessary compromises
that were required to match the 210°F maximum temperature of the vaporizer.
Plans are underway to increase this capability to 400-500°F by the first of

_the year. Based on the previous limitations, LB __hydrocarbons {repre-———

senting RP-1) could not be tested and instead 1ngerest was centered on pentane,
Even with pentane oxidation was not completed entirely within the duct and
received the most extensive study. Both pentane-types ex-

ion delays with the iso-pentane ignition delay time. L
aing approximately 105 milliaec nds for the duct near .

&-x 4 grid provides a 6467 inch spacing betwaen
The degree of mixing as one moves from the in-

T: , with a collection apparatus which provides both mass
and mixture ratio information., However, such measurements are only at 1/2
1nch intervals uslng 1/4 inch diameter collector tubes. For this reason the

X '185°F This approach provides continuous mixture
,1n3actor. Comparisons between the two methods have been
Lally in the center of the injector (errors of approximately
f mixture ratio gradients which are often quite severe the
thariocoupla ptobe data appears to be more representative of the conditions

a) The undargraduate,atndent whe has been working on
past few months is currently filling in data involving
8 injector- face as well as intermediate locations, Next
It

Howuvhr' it is hoped that comparisons with velocity and combustion profile data
will place the mixing process for like-on-like patterns in proper perspective.

X. Property Measurements in Rocket Motors

In a continuation of the study of energy balances based on wave strength
at various axial statiens in the square-motor, tests have focused most recently
on the nozzle-end. Over the range of chamber pressures (300-900 psia) and sub-
sonic Mach numbers (.05 to .3) tested it was found that a gizeable fractiom of
the incident wave amplitude is absorbed at the nozzle-end. Hence the reflected
wave rather than having an amplitude twice that associated with a single wave



be-must ' accuratety ga =t
phase) has a value between 1 2 to 1. 6 dependlng on the chamber env1ronment
Higher pressures and lower subsonic Mach number (higher contraction ratio) _

e fal¥-at the 1.6 end of the scale. Although trends are indicated in these
results certain problems of data recording (overshoot of the signal associated

with the shock-type wave and frequency limits of the recording system) tend
to limit the quantitative content.

Because of these shortcomings further testing will be limited until:

1) new recording capabilities are available in the form of the Honeywell 7600
tape recorder (expected later this fall), 2) a new Ph.D. candidate arrives

' . AAKE week and :3) final evaluations are campletgd,on the

ranaénce: capabilihén:u(
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